The present report is concerned primarily with the use of concentrated human albumin solutions, produced from pooled normal human plasma by the method of Cohn and co-workers, (1) , in the treatment of shock in man.-This work represents a part of a more general study (3) of the circulation in human cases of shock, which has been in progress at Bellevue Hospital, New York City, during the past two years.
In addition, the -therapeutic effects of concentrated human albumin will be compared with the effects of whole blood, and of rapid intravenous saline infusion.
Before presenting the results of this investigation, it may be well to define briefly two separate aspects of shock therapy, since the differentiation of these provides the basis of our comparison of the three types of treatment used.
For successful treatment of clinical shock, two things are essential; first, to restore the failing tissues. The circulation can be restored, in most instances, by replacing the deficit in blood volume. The tissues, however, can be restored only by abundant oxygen supply and carbon dioxide removal. For this purpose, the blood must contain adequate amounts of hemoglobin.
To put the matter in its simplest terms, the heart could pump plasma, or even salt solution around the circulation, but neither saline nor plasma will keep tissues alive.
If the blood is anemic, oxygen will be adequately supplied to the tissues only if the cardiac output or total blood flow is proportionately increased above normal. For quantitative discussion of this, we have added the concept of arterial oxygen transport, derived from a scheme presented some years ago by Murray and Morgan (4) . This will be considered further below. MATERIAL Concentrated human albumin therapy has been given in 12 cases of severe bodily injury, which may be classified as follows:
3 cases of multiple compound fractures.
I case of fracture of the pelvis and rupture of the spleen. 3 cases of profuse external hemorrhage. 2 cases of intra-abdominal injury: one with strangulated hernia, and one with perforation of the duodenum. 3 cases of severe burn.
The product used was a solution of human albumin, 25 grams in 100 cc. In 9 instances, the preparation was albumin in saline (both 0.15 and 0.3 molar NaCl); in 3, albumin in 0.3 molar solution of sodium chloride and sodium acetate; in 1 case, both types of preparation were administered.
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METHODS
The methods of measurement of the circulation, as described in a previous report (3) , were used. The following measurements were taken before and at various intervals after injection of the concentrated albumin: (1) plasma volume, hematocrit, and serum protein concentration; (2) tracings of the pressure contours in the femoral artery; (3) right auricular blood pressure, through a long catheter introduced via brachial vein into the right heart; (4) simultaneous carbon dioxide content, oxygen content and capacity and pH. in the arterial blood, and in the mixed venous blood (sampled from the right auricle); (5) oxygen consumption and pulmonary ventilation; (6) blood lactate. From these measurements, the following data were obtained by calculation: (1) total blood volume; (2) mean arterial blood pressure; (3) oxygen arteriovenous difference; (4) cardiac output and stroke volume; (5) peripheral vascular resistance; (6) pCOs and pH. arterio-venous differences; (7) alkali reserve (T40); (8) effective arterial oxygen transport to the tissues. In 2 cases, renal circulation was studied by clearance methods.
Because of their particular importance in this study, methods used in determining plasma volume changes and total blood volume changes, and in calculating the amount of albumin retained in the circulation will be briefly outlined.
Plasma volume was measured before and at suitable intervals after injection of the albumin, by the dye dilution method with T-1824 (3), the initial concentration of the dye being obtained by extrapolation of a time-log concentration curve. The corresponding total blood volumes were calculated directly from the arterial hematocrit In columns (9, 10) under serum protein concentration, the figures entered were obtained at the time of dye injection. In the column (14)
"observed increase" in plasma volume, the figures are net changes, from direct reading, after allowance was made for intervening blood samplings.
The data reported in Table I may be summarized as follows:
In the cases of skeletal trauma and hemorrhage with evidence of further bleeding after albumin therapy had been started, there was a sizeable loss of albumin. In cases of burns and peritonitis, with exudation of protein-rich fluid, there was also considerable loss of albumin.
On the other hand, in the 3 cases (B. S., S. C., W. K.,) where there had been no further blood loss and no protein-rich exudation, the several determinations in the table suggest that the albumin was almost wholly retained, and later disappeared slowly from the circulation. On the basis of available data, there appeared to be no difference between the "saline-treated" (S) and "acetate-treated" (A) albumin from the point of view of the retention in the blood stream.
In general, the serum protein concentrations tended to remain about the same before and after albumin administration (Figure 1 ). Since the average serum protein concentration before treatment was less than normal, this suggests that the blood was diluted, by fluid retention or absorption from tissues, to this previously existing level. In the individual case, however, there was no constant correlation between the initial level of serum protein and the degree of dilution per unit dose of albumin. The amounts of intravenous saline may have contributed to this dilution. But here again there was no correlation between degree of blood hydration following treatment, and the amount of saline that had been given. The smallest volumes of saline given were 185 cc. in a case of burn, and 310 cc. in. a case of hemorrhage. There was no seriously dehydrated patient, so that our series of cases probably did not test the limiting capacity of the concentrated albumin to draw fluid from tissues into the blood stream.
The average amount of blood volume increase II. Effect of concentrated human albumin therapy upon the dynamics of the circulation and arterial oxygen transport In appraising various treatments of peripheral circulatory failure, recent emphasis has rightly shifted from improvement in arterial blood pressure, to the restoration of blood volume, thereby improving auricular pressure (an approximate index of venous return) and cardiac output.
For relief of tissue anoxia, however, the essential requirement is an increase in the amount of oxygen supplied to the tissues. The "arterial oxygen transport," or cardiac output times oxygen content of arterial blood, expresses this function (4). Murray and Morgan used for this function the term "oxyhemoglobin flow."
In Table II In 2 cases, T. L., who continued to bleed profusely, and M. G., who lost plasma protein into peritoneal exudate, there was no appreciable retention of albumin in the circulation and no increase in blood volume, in auricular pressure, or in cardiac output. Clinically, these patients were not improved.
One statistical value in this series is of interest. The coefficient of correlation between the amount of albumin retained in the circulation, and the increase in cardiac output, had the extraordinarily high value of r = + 0.928 (P < 0.0004).
So far as oxygen supply to the tissues is concerned, it will be seen from the last 2 columns in Table II , that in all cases which improved, both an increase in oxygen consumption and an effective increase in arterial oxygen transport were found. However, it will also be noted that the cardiac output, in 7 of the 9 cases, was actually increased above normal values.
III. Description of individual cases
This first patient, with extremely severe skeletal trauma, in profound shock, received very large amounts of concentrated human albumin. Case 1. H. S., a 48-year-old white female, jumped from a third story window, and sustained bilateral fractures of os calci, fracture of the ankles, of the pelvis through the sacrum and of the transverse processes of several lumbar vertebrae. She was first admitted to the psychopathic ward and one hour later was transferred to the emergency ward.
The first series of measurements was completed 3; hours after injury. The patient was mentally depressed, answering questions clearly, however, and complaining of thirst. There was marked pallor of the skin, and coolness of the extremities. Sweating of the forehead and cyanosis of the lips and ears were noted. Peripheral veins were collapsed, and upon exposure the median basilic vein was found in a state of active constriction. As seen in Figure 2 , the arterial blood pressure, which was low on admission, remained unchanged. There was marked reduction in the blood volume Table I ), but because of the previous loss of red blood cells the total blood volume was still low. The hematocrit had reached the very low level of 16 per cent; the plasma protein had increased very slightly (see Table I ). Obviously, a large amount of fluid had been shifted from the extravascular compartment into the circulating blood. The second case was one of shock developing in a patient following perforation of a peptic ulcer, with marked hemoconcentration.
Case. 2. M. C., a 43-year-old white female, was first diagnosed as an acute pancreatitis on the basis of: acute onset of severe pain localized to the epigastrium, extreme tenderness around the umbilicus with localized skin cyanosis, rigidity, and rebound tenderness, no x-ray evidence of air under the diaphragm or of intestinal distension, and no history of peptic ulcer. She was first studied 29 hours after the onset of pain.
The patient appeared mentally alert and restless. The extremities were cold, clammy, and cyanotic, the pupils markedly constricted; she had been vomiting. The peripheral venous pressure and the mean arterial pressure were normal, but the pulse pressure was decreased. This contrasted, as shown in Figure 3, with a pCO2 arterio-venous difference of 9 mm. Hg. The alkali reserve was low, the pH was normal, the blood lactate was elevated to 30 mgm. per cent, the arterial blood oxygen saturation was normal.
Within the next Ij hours, 3 ampules of concentrated human albumin (75 grams) were injected with an additional 150 cc. of isotonic saline solution. A second series of studies was begun one half hour after completion of the infusion. Cyanosis had then disappeared, the extremities were pink and warm, sweating and restlessness were no longer present. The arterial blood pressure was 130/87. The blood volume studies showed a large increase in plasma volume, a decrease of the hematocrit from 64 to 48, and a small increase in total blood volume. Blood volume determinations recorded an apparent loss from the blood stream of 280 cc. of red blood cells, although there was no evidence of hemorrhage. This discrepancy, already referred to above, accounts for the lack of any larger increase in total blood volume. In spite of this small change in total blood volume, as recorded, the cardiac output had doubled. The peripheral resistance, although still elevated, was much lower than previously. The hyperventilation had partly subsided. The alkali reserve was slightly low, the blood lactate was still approximately 30 mgm. per 100 cc., the pH. was normal.
Improvement persisted for 4 hours, and as the diagnosis of acute pancreatitis still appeared most probably correct, operation was deferred. Tympanism in the lateral decubitus, suggesting air under the diaphragm, appeared later, but by that time, the patient had taken a turn for the worse and death with hyperthermia occurred 48 hours after the onset of pain. The autopsy revealed a perforation of the duodenum with acute peritonitis and extension of the inflammation to the right diaphragm and to the pleura.
The special features of this form of shock, developing after rupture of a viscus, with peritonitis, were as follows: (1) persistence of a normal mean arterial blood pressure with a small pulse pressure in spite of a considerable reduction in cardiac output, indicating a marked increase in peripheral vascular resistance; (2) marked hemoconcentration with only slightly lowered protein content of the serum; (3) persistence of a normal pH. in spite of an elevated blood lactate, probably associated with a loss of chloride through vomiting.
From the point of view of concentrated human albumin therapy, the same outstanding features noted before are again present: increase in cardiac output, out of proportion to total blood volume and oxygen consumption increase, and marked decrease in peripheral resistance. One of these was in severe shock, the other 2 were injuries with little or no shock. The other 3 cases received also some whole blood by transfusion, but blood volume studies indicated that little or none of this whole blood was retained in the circulation, as the patients were bleeding. Despite these variations in the conditions of study, the effects of treatment on the circulation were the same in each of these small sub-groups, so that the average results, as given in Table IV , can be said to indicate the trend.
Saline infusion, in these 6 cases, produced a relatively small increase in plasma volume, the figures varying from 10 cc. to 350 cc. per sq. M. of body surface; a small decrease in hematocrit; relatively large increase in cardiac output; small increases in auricular pressure, oxygen consumption, and arterial oxygen transport. In two subjects, repeated measurements carried out an hour or two later (not shown in Table IV) indicated that the cardiac output had begun to fall again; and blood transfusion was then given.
Thus, with saline infusion, one finds, as one would anticipate, a much lesser degree of improvement in the circulation, and less sustained, than with concentrated albumin solution, although on an average, the various changes that do occur are of the same pattern with saline as with albumin. It should be noted that saline infusion does temporarily raise cardiac output, more than one would expect from the small change in blood volume.
(2) Measurements of the circulation in 10 cases of injury, treated with whole blood transfusion, are given in Table III .
There were 5 patients with severe skeletal trauma and 5 with hemorrhage, either internal or external. All were suffering from moderate or severe shock. (Table III) . As shown by blood volume before treatment, as well as by mean arterial and auricular pressures and cardiac output, these cases were on the average in more severe shock than the group in Table II Cd decreased hematocrit; and resulting in essentially the same increase in average arterial oxygen transport, after treatment, in the albumin as in the whole blood series. Figure 4 demonstrates the larger cardiac output response in all the albumin-treated cases as compared with the whole-blood-treated cases, in relation to the changes in blood volume.
Increase in total oxygen consumption by the tissues, which is another regular feature of recovery from shock (3), was the same in the 2 groups, and greater than in the saline-treated group, a further indication of restoration of tissue metabolism both by albumin and by whole blood therapy.
A further striking difference between the 2 groups is the decrease in "peripheral resistance" following treatment in the albumin-treated cases, whereas the blood-treated cases showed no change in this function. The function of peripheral resistance, which is essentially the drop in blood pressure per unit of blood flow per second, is measured by the ratio, mean arterial pressure to cardiac output per second. In practical terms, a lowering of peripheral resistance indicates either a decrease in blood viscosity or a widening of blood vascular channels, or both.
To give more emphasis to the different modes of action of concentrated albumin and whole blood, measurements in 2 individual cases, one treated with whole blood transfusion, the other treated with concentrated albumin, are compared in Figure 5 . Both cases were almost identical before treatment with regard to the initial degree of shock, amount of plasma and total blood volume loss, auricular pressure, and cardiac output and arterial oxygen transport. The following differences are revealed after treatment: (1) With the same increase in oxygen consumption, total blood volume, and auricular pressure, the cardiac output increase in the albumin-treated case was larger, and the increase in arterial oxygen transport was less, than in the whole-blood-treated case. (2) There was a considerable decrease in peripheral resistance and in hematocrit in the albumin treated case..
DISCUSSION
The data obtained in the present investigation indicate that concentrated human albumin solution is an effective agent in the treatment of acute traumatic shock in man.
The albumin injected into the circulation is largely retained, providing no further bleeding or exudation of plasma occurs. It is still remaining in the circulation at the end of 6 hours. The albumin retained holds in the blood stream amounts of fluid approximately comparable to its osmotic activity. Thus, in our series, 1 gram of albumin retained resulted in an average increase of plasma volume of 23 cc. This fluid may have been drawn into the blood from the tissues, or may have been simply retained, if additional crystalloid solution was also administered. No unfavorable side effects have been noted from the use of this preparation.
The increase in plasma volume produced by the injection of albumin effects a marked improvement in the circulatiol. Specifically, all the primary changes associated with recovery from acute shock (3) are observed: increase in right auricular pressure (venous return), in arterial pressure, and in cardiac output. Clinically, the patients were correspondingly improved.
Comparison of the effects of albumin with those of rapid saline infusion have shown that the two are qualitatively similar; but, as would be expected, saline produces a much smaller and more transitory increase in blood volume, and the increase in cardiac output with saline infusion, while considerable, is not sustained.
In comparing albumin therapy with that of whole blood, it is important to recognize that recovery of tissues from the state of shock requires restoration of oxygen transport to the tissues by the circulation; in other words, adequate circulation of hemoglobin. A normal total blood flow or cardiac output, does not provide normal oxygen transport if the hemoglobin concentration is low. As a measure of oxygen supplied to the tissues, one may use the total arterial oxygen transport, which is actually the cardiac output times the total oxygen content of the arterial blood. This determines the total amount of oxygen brought to the tissues per unit of time.
In shock due to skeletal trauma or hemorrhage, the reduction in blood volume is regularly associated with hemodilution (3). By giving whole blood in such cases, both the blood flow and the amount of hemoglobin which is circulated are increased.
By giving albumin (or plasma), the arterial oxygen transport is restored to normal only if the cardiac output is correspondingly increased above normal. Our figures show that this is actually what occurred in the cases treated in the present series (Table IV) . As the available hemoglobin becomes progressively less, for example in continued hemorrhage, there will, of course, be a limit in the capacity of the heart to produce the compensatory increase in blood flow. Case H. S., .presented in detail, was probably near this limit.
In brief, after treatment with albumin or plasma, such a patient has recovered from shock, but is still suffering from acute anemia.
The physiological adaptation here is, in fact, that which has long been known to exist in clinical anemia (7, 8) . The ultimate effect, also, must be the same, s.e., eventually the heart and circulation can no longer compensate and cardio-circulatory failure will occur (8) . In cases recovering from shock, this danger will be greater in the presence of any additional strain, such as operation, or if infection, or other complication, subsequently develops. The use of whole blood or red cells, as soon as available, would thus be logically indicated as additional treatment even when clinically the circulation seems to be restored to normal.
In cases of shock associated with hemoconcentration, as in abdominal injuries and bums, the effects of concentrated albumin administration were favorable, reducing the hematocrit, increasing plasma and blood volume, and restoring or improving the circulation in all but one instance.
In the process of recovery from shock, it is of interest that auricular pressure, arterial pressure, and cardiac output tend to return to normal at a time when the vascular bed is still 2. In patients who were not actively bleeding, or losing plasma into burned tissues or peritoneum, the albumin was well retained in the blood. In 9 cases (including. 3 burns), an average of 62 grams of albumin was given and an average of 43 grams retained. The albumin tended to remain in the circulating blood for at least 6 hours, when there was no continued blood or plasma loss at the site of injury.
3. Albumin therapy was effective in producing recovery from shock. It increased right auricular pressure, arterial pressure, and cardiac output.
4. Compared with treatment by whole blood transfusion, albumin therapy brought about a relatively larger cardiac output during recovery from shock.
5. In cases of shock due to skeletal trauma or to hemorrhage, where hemodilution is regularly found, this increased cardiac output is a compensatory effect, since the tissues can receive adequate oxygen only by more rapid circulation of the diminished amount of hemoglobin in the blood. 6 . The persistence of acute anemia in many cases, after albumin therapy, suggests that whole blood should be given subsequently, when available.
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